Collagen synthesis is an essential feature of anastomotic healing in the intestine. Postoperative collagen synthesis, measured in vitro in intestinal anastomoses was studied from three hours to 28 days after operation. For this purpose, an ileal and a colonic anastomosis were constructed within the same animal and the results in both intestinal segments were compared. In the ileum, coliagen synthesis was significantly increased, with respect to unoperated controls, three hours after operation. It remained raised during the period of study, with a maximal 10-fold stimulation four days after operation, and had nearly returned to the preoperative level after four weeks. The general pattern was the same in the colon, although quantitatively different: the increase in synthetic activity was delayed in comparison with the ileum. Maximal stimulation was approximately six-fold. In addition, we calculated the ratio for each rat between anastomotic coliagen synthesis and the average value found in non-operated control animals. Postoperative stimulation in the ileum was higher than in the colon in almost every animal examined. The results show that the ileum responds more quickly and strongly to wounding than the colon, at least as far as the production of new coliagen is concerned. Possibly, this phenomenon contributes to the lower failure rate apparent for anastomoses in the smali bowel. The strength of the intact and the anastomosed bowel wall is derived from collagen fibrils, located predominantly in the submucosa,2 3 which connective layer forms the backbone of the intestine. During the first postoperative days anastomotic strength is low and anastomotic collagen levels change massively.4 It is generally assumed that the transiently lowered collagen concentrations, observed during normal healing, are the result of early, although limited, collagen degradation followed by considerable collagen synthesis. While early anastomotic strength depends on the suture holding capacity of existing collagen fibrils, newly formed collagen is needed to bridge the gap and restore the original strength of the bowel wall. Thus, the progress of collagen synthesis plays a central role in the healing sequence: disturbance ofits regulation will affect anastomotic strength and might enhance chances for dehiscence.
Dehiscence of intestinal anastomoses remains a major complication after surgery. Despite improved surgical techniques leakage of colonic anastomoses frequently occurs, resulting in high morbidity and mortality. In a much cited study on surgery for large bowel cancer the overall incidence of leakage was 10.8% in anastomoses constructed intraperitoneally.' There is still much to be learned about the molecular processes which contribute to normal healing of the bowel wall: such research is essential in order to seek measures which could benefit healing and ultimately prevent anastomotic leakage.
The strength of the intact and the anastomosed bowel wall is derived from collagen fibrils, located predominantly in the submucosa,2 3 which connective layer forms the backbone of the intestine. During the first postoperative days anastomotic strength is low and anastomotic collagen levels change massively.4 It is generally assumed that the transiently lowered collagen concentrations, observed during normal healing, are the result of early, although limited, collagen degradation followed by considerable collagen synthesis. While early anastomotic strength depends on the suture holding capacity of existing collagen fibrils, newly formed collagen is needed to bridge the gap and restore the original strength of the bowel wall. Thus, the progress of collagen synthesis plays a central role in the healing sequence: disturbance ofits regulation will affect anastomotic strength and might enhance chances for dehiscence.
The occurrence of collagen synthesis around experimental intestinal anastomoses has been shown in vivo, in the ileum5 and in the colon6 from two days after operation onwards. The methodology used for such experiments requires administration of large amounts of radioactive proline to animals and precludes the measurement of synthesis in the immediate postoperative period as the precursor needs to be injected at least 24 hours before death. 6 0.2 M NaOH and neutralised by the addition of 0.3 ml 1 M N-(2-hydroxyethyl)piperazine-N-(2-ethanesulphonic acid) (HEPES) and 0 3 ml 0 15 M HCI. Aliquots from this solution (0-1 ml) were counted to determine the incorporation in total protein. In order to determine proline incorporation into collagen 0-2 ml 20 mM Tris-HCl, pH 7.6, containing 50 mM CaCl2 and 0.1 ml collagenase (chromatographically purified on a G200 gelfiltration column) were added to a 0.5 ml aliquot of the solubilised sample and the mixture was incubated for five hours at 37°C. The digestion was terminated by the addition of trichloroacetic acid and tannic acid up to final concentrations of 0-6 M and 3 mM, respectively. After centrifugation (10 min; 14-500 g) a 1-0 ml aliquot ofthe supernatant was counted in a liquid scintillation analyser. The same procedure was followed without the addition of collagenase. Subtraction of the counts released in this blank incubation from those released in the presence of collagenase yielded the collagen specific incorporation, which will be referred to as collagenase digestible protein (CDP). Subtraction of the radioactivity in the collagenase digestible protein fraction from that in total protein yields the incorporation into non-collagenous protein (NCP).
The Figure 1 : Relative increase ofcollagen synthesis in anastomotic explantsfrom both ileum and colon. In each anastomosis collagen synthesis was measured as dpm collagenase digestible proteinlmg wet weight (A), dpm CDPI pg DNA (B) or percentage relative collagen synthesis (C) and the ratio between this value and the average value in six unoperated controls was calculated. Values depicted represent the average (SD)from six experimental animals.
Collagen synthesis was measured from three hours to 28 days after operation. In Table I the average values for ileal anastomoses are given. Three hours after operation incorporation of label into collagenase digestible protein, expressed on a wet weight and DNA basis, was already significantly increased with respect to the unoperated controls. The relative collagen synthesis was significantly enhanced after 12 hours. From three hours to four days after operation the absolute and the relative collagen synthesis rose steadily. Thereafter, synthetic activity started to fall: the average values in two five day old anastomoses were 230 dpm collagenase digestible protein/mg wet weight, 132 dpm/ Fg DNA, and 1-73% relative collagen synthesis, respectively. After four weeks collagen synthesis in the anastomotic area had nearly returned to the preoperative level; average values not being significantly different from those measured in the controls.
The general pattern was the same in the colon (Table II) , although the increase in synthetic activity appeared delayed in comparison with the ileum. The absolute collagen synthesis was significantly raised after 12 hours, if expressed on a wet weight basis, and only after two days, if expressed on a DNA basis. Likewise, the relative collagen synthesis in the anastomotic area was significantly higher than in control intestine from 24 hours after operation onwards. In the colon, synthesis also seemed maximally stimulated after four days. The average values measured in two five day old colonic anastomoses were 288 dpm Ratio between ileal and colonic stimulation of anastomotic collagen synthesis. In each rat, the collagen synthesis in both ileal and colonic anastomotic explants was measured as dpm CDP/mg wet weight (A), dpm CDPIg DNA (B) and percentage relative collagen synthesis (C) and the ratio between these values and the average value in corresponding intestinal segments from six unoperated controls were calculated. The data depicted (each point representing one animal) were obtained by dividing the relative increase in the ileal anastomosis by the relative increase in the colonic anastomosis. The postoperative rise in collagen synthesis is significantly (p. cO-5) We then calculated at each time point the average ratio between the values measured in anastomoses and those observed in non-operated rats. Figure 1 shows that the increase in collagen synthesis, expressed on basis ofeither wet weight or DNA was always higher in the ileum than in the colon. For instance, maximal increase, with respect to normal value, was 9-8 (3.8) in ileum and 5 8 (2.2) in colon (if synthetic activities were expressed on a wet weight basis, Fig IA) . In contrast, the stimulation of the relative collagen synthesis appeared comparable in both small and large bowel, certainly up to two days (Fig 1C) . Three days after operation, the average ratio in the colon was even higher than in the ileum, although at four and seven days the effect was again the other way around.
In order to further substantiate the idea that anastomotic construction stimulates collagen synthesis more strongly in the ileum than in the colon, the relative increase in both segments was compared within each rat. For this purpose, the ratio between collagen synthesis in the ileal anastomosis and the average value found in the non-operated controls was calculated. The same was done for the colonic anastomosis in the same animal. Subsequently, a final ratio was calculated between the ratio's found for ileal and colonic anastomoses. A ratio exceeding the value of 1 indicates that the collagen synthesis in the animal in question is enhanced more strongly in the ileum than in the colon. The data for all rats are represented in Figure 2 . Because the number of rats killed at each time point is relatively small (six), the ileum-colon difference is only significant (one-sided signed rank test) ifa ratio above 1 is found in all six animals. For the synthetic activities, expressed on a wet weight basis (Fig  2A) this was the case at 12 hours and two days after operation. Still, at the other time points a ratio above 1 was observed in five of six animals. Altogether, the reverse -a ratio lower than 1, indicating a stronger stimulation in colonic anastomoses -was the case in only six of 48 animals. This effect was even more pronounced if synthetic activity was expressed on the basis of DNA (Fig 2B) . Here, a significant effect was noted at 12 hours, one day, four days, and seven days after operation. A different picture emerged for the relative collagen synthesis (Fig 2C) : no consistent difference was noted between the ileum and the colon. Stimulation of collagen synthesis in ileal anastomoses was consistently and significantly higher than in colonic anastomoses at seven days after operation only.
Discussion
Collagen synthesis is an essential feature of anastomotic healing: the strength of the sutured intestinal wall has to be restored by newly formed collagen fibrils. Inhibition of postoperative fibrillogenesis impairs the build up of anastomotic strength." Disturbance of collagen synthesis in the anastomotic area will lead to loss of strength and probably to increased chances for anastomotic failure. The frequency rate of dehiscence of bowel anastomoses remains rather high.' Apparently, anastomoses are compromised regularly, even under optimal conditions, and a multitude of circumstances may aggravate the risk considerably,'2 even to such extent that anastomotic construction has to be delayed. Because the underlying mechanisms are poorly understood, examination of the course and regulation of the primary molecular processes, such as the synthesis of collagen, is of major importance. Dehiscence (Tables I and II) . Such an approach, however, does not take into consideration the fact7 that basal synthesis in colon is significantly higher than in the ileum. In order to allow comparison within each individual rat, we constructed both anastomoses in the same animal. Control experiments confirmed that anastomotic construction in the ileum does not affect collagen synthesis in unoperated colon and vice versa. If collagen synthesis is calculated as dpm collagenase digestible protein, expressed on the basis of wet weight or DNA, postoperative stimulation in the ileum is higher than in the colon in almost every animal examined (Fig 2) . Moreover, ileal synthesis is clearly stimulated at an earlier stage than synthesis in colon. For instance, incorporation of [3H]proline into collagenase digestible protein and expressed per Ftg DNA, is significantly higher than in unoperated controls at three hours after operation in the ileum and at 48 hours after operation in colon. Taken together, we believe that these results indicate that the ileum responds more quickly to wounding than the colon, at least as far as production of new collagen is concerned. This conclusion is in agreement with earlier studies48 which showed that the transient postoperative lowering of anastomotic hydroxyproline concentrations was less pronounced and more rapidly undone in the ileum.
The reasons why the small bowel reacts more rapidly in this respect than the large bowel remain as yet to be determined. The cells responsible for collagen synthesis, resident fibroblasts and/or smooth muscle cells,'5 16 are stimulated by wounding, possibly by mediators released from platelets.'8 Somehow, colonic collagen producing cells are less responsive to mediators released -for example, platelet derived growth factors -in the immediate postoperative period. Because the preoperative level of collagen synthesis is higher in the colon, it could be that the cells in question reside at a higher level of activity than those in the ileum and therefore need a greater stimulus in order to increase their collagen production.
It is generally accepted that anastomotic collagen determines anastomotic strength, and next to synthesis, degradation of this matrix protein will affect wound strength. Production of collagenase has been shown immunohistochemically around colonic anastomoses'9 and we have found transiently increased extractable collagenolytic activity in the anastomotic area but no differences between ileal and colonic anastomoses.20 While degradation of anastomotic collagen is probably limited under conditions optimal for healing,2' it should be emphasised that this process could be enhanced by local or systemic factors and thus contribute to loss of strength.
In conclusion, we suggest that the differences in postoperative collagen synthesis, observed between ileal and colonic anastomoses constructed under normal conditions, may help to explain the lower failure rate of anastomoses in the small intestine. Investigation of the regulation of collagen synthesis, either in tissue explants or on the cellular level, is needed in order to determine optimal conditions and allow improvement of this important aspect of repair, particularly in anastomoses which have to be constructed in high risk conditions
